Abstract Prevention of secondary infection is currently the main goal of treatment for acute necrotizing pancreatitis. Colon was considered as the main origin of secondary infection. Our aim was to investigate whether prophylactic total colectomy would reduce the rate of bacterial translocation and infection of pancreatic necrosis. Forty-two Sprague-Dawley rats were used. Pancreatitis was created by ductal infusion of sodium taurocholate. Rats were divided into four groups: group-1, laparotomy+pancreatic ductal infusion of saline; group-2, laparotomy+pancreatic ductal infusion of sodium taurocholate; group-3, total colectomy+pancreatic ductal infusion of saline; and group-4, total colectomy+pancreatic ductal infusion of sodium taurocholate. Forty-eight hours later, tissue and blood samples were collected for microbiological and histopathological analysis. Total colectomy caused small bowel bacterial overgrowth with gram-negative and gram-positive microorganisms. Bacterial count of gram-negative rods in the small intestine and pancreatic tissue in rats with colectomy and acute pancreatitis were significantly higher than in rats with acute pancreatitis only (group-2 versus group-4; small bowel, p=<0.001; pancreas, p=0.002). Significant correlation was found between proximal small bowel bacterial overgrowth and pancreatic infection (r=0,836, p=0.001). In acute pancreatitis, prophylactic total colectomy (which can mimic colonic cleansing and reduction of colonic flora) induces small bowel bacterial overgrowth, which is associated with increased bacterial translocation to the pancreas.
Introduction
Despite recent improvements in the new diagnostic and therapeutic tools, the severe form of acute pancreatitis (AP) remains a critical condition with a high rate of morbidity and mortality [1] [2] [3] . Secondary infections generally resulting from translocation of enteric bacteria constitute the leading cause of deaths in AP [4] [5] [6] . The isolated predominant pathogens in most cases of pancreatic infection are gastrointestinal gramnegative bacteria, thus supporting this hypothesis [7] . Therefore, prevention of secondary infection has become a principal focus in the management of this disease so far. Bacterial translocation and reduction of colonic flora have been the main focus of experimental trials investigating the course of AP [8] [9] [10] . A number of studies have been conducted [11] [12] [13] to evaluate the role of different therapeutic modalities in preventing bacterial translocation, but there is lack of studies investigating the impact of elimination of the colonic flora, by means of total colectomy.
The main goal of this study was to evaluate the role of total colectomy on bacterial translocation to pancreas and on pancreatic infection rate during experimental AP.
Methods
This study was approved by the Institutional Animal Use and Care Committee of the Gulhane Medical Academy. A total of 42 male Sprague-Dawley rats, weighing 300-420 g were used. The animals were fed standard rat chow. They were given free access to water and were housed in cages under standard conditions (room temperature with a 12-h light-dark cycle). Rats were allowed to adjust to these conditions for at least 1 week before study to stabilize their intestinal flora.
The rats were randomly divided into four groups. Surgical anesthesia was induced in rats by 50 mg/kg intramuscular ketamine (Ketalar flacon, Parke-Davis, Eczacibasi, Istanbul, Turkey) and 10 mg/kg xylazine hydrochloride (Rompun flakon, Bayer, Leverkusen, Germany). Rats in group-1 (control, n=10) underwent laparotomy with manipulation of the pancreas and received saline injection into the biliopancreatic duct (BPD). Group-2 (AP, n=12) rats underwent laparotomy with induction of pancreatitis via intraductal infusion of sodium taurocholate into the BPD. Group-3 (colectomy, n=10) rats underwent total colectomy and received saline injection into BPD. Group-4 (colectomy+AP, n=10) rats underwent total colectomy, and AP was also inducted by intraductal sodium taurocholate infusion. During surgical procedures, the intestine was kept moist with sterile saline solution. All surgical procedures were performed under strict aseptic conditions. Animals died before the end of the study, developing ductal perforation or hemorrhage during cannulation of the duct which was excluded from the study.
Induction of Acute Pancreatitis
After induction of anesthesia, laparotomy was performed through a 4-cm length midline incision. BPD was cannulated with a 28-gauge, 0.5-in microfine catheter, and a microaneurysm clip was placed on the bile duct below the liver. Another clip was placed around the common BPD at its entry into the duodenum to avoid reflux of enteric contents into the duct. When the catheter was placed in the pancreatic duct, 1 mL/kg of 3 % sodium taurocholate (Sigma, St. Louis, MO, USA) was infused into the BPD (1 mL/min) as described by Liu et al. [14] . Once the injection was finished, the two microclips were removed; the catheter was taken out, and duodenal defect was immediately closed using 8-0 Prolene sutures. Finally, the abdominal wall was sutured with interrupted 2-0 silk.
Surgical Procedures
Total colectomy was performed through a 4-cm length midline abdominal incision. After colonic vasculature was identified and ligated, great volume of colon was excised till 3 cm to the anus, and end-to-end ileorectal anastomosis was handled using a running 8-0 Prolene suture. During all these operations, great care was taken for minimizing surgical trauma. As for sham laparotomy, rats underwent the same surgical processes, including mobilization of the colon and the small intestine. However, instead of sodium taurocholate, the same volume of physiologic solution was infused into BPD in the same manner.
Collection of Samples and Scarification Forty-eight hours after induction of AP, a relaparotomy was performed under aseptic conditions to allow sterile collection of organ and fluid samples. Samples were collected in the following order: peritoneal fluid, blood (by cardiac puncture), mesenteric lymph nodes (MLN), liver segment, spleen, pancreas, and ileum. After collection of samples, rats were sacrificed by blood loss. Blood samples were divided into two groups: one for biochemical analyses and the other for bacteriologic analyses. All tissue samples were evaluated for microbiological and histopathological analyses.
Microbiological Analysis The samples were weighed and processed immediately for quantitative culture of aerobic and anaerobic organisms using standard microbiologic methods. Gram-negative bacteria were identified using MacConkey agar supplemented with 10 % lactose (Scott Co. West Warwick, Rhode Island, USA). Gram-positive bacteria were identified using the Schaedler agar (Difco, Detroit, Michigan, USA). Bacterial counts were expressed as colony-forming units per gram of tissue (CFU/g). To represent a positive culture, 1,000 CFU/g and higher bacterial count in MLNs, liver, spleen, and pancreas samples were accepted.
Histologic Examination Pancreatic tissue samples from the same anatomical location in each rat, including the main pancreatic duct, were fixed with formalin, and thick sections were prepared. After being stained with hematoxylin and eosin (H&E), two pathologists, who were kept unaware of the source of specimens, scored the tissues regarding edema, acinar necrosis, inflammatory infiltrate, hemorrhage, fat necrosis, and perivascular inflammation in 20 fields. The scores for each histological examination were summed, yielding a maximum score of 24, as defined by Schmidt et al. [14] . H&E-stained small bowel sections were examined with standard light microscopy to evaluate morphologic alterations following AP.
Statistical Analysis Serum amylase concentrations and the severity of inflammatory changes (histopathologic scores) were compared using one-way analysis of variance. A post hoc Tukey's test was used for paired comparison of the groups. The Kruskal-Wallis test was used to determine whether the frequency of bacterial translocation significantly differed among the groups. Dunn's multiple-comparison test was used to compare each possible pair of groups. Spearman rank correlation coefficients were computed for linear correlation analyses. A p < 0.05 was considered statistically significant. All statistical measurements were done using SPSS PC 11.0 (SPSS Inc. Chicago, IL, USA).
Results
As shown in Table 1 , increased serum amylase levels and histopathological scores of pancreatic tissue confirmed AP in groups 2 and 4, whereas they confirmed the absence of AP in groups 1 and 3. Serum amylase levels in group-1 were significantly lower than those in groups 2 and 4 (p=0.003 and p=0.005, respectively). Serum amylase levels in group-3 were significantly lower than those in group-4 (p=0.04). On the other hand, there was no significant difference between groups 2 and 4 in terms of serum amylase levels (p>0.05).
Bacterial Overgrowth in the Small Intestine Data related to total number of bacteria in the small intestine is shown in Fig. 1 . In group-1, the count of bacteria in the small intestine was found lower than that in group-2, and the difference between these groups was statistically significant (p<0.001). AP caused significant bacterial overgrowth in the proximal jejunum when group-2 was compared with group-1. This overgrowth was mainly prominent for gram-negative bacteria such as Proteus mirabilis (p<0.03).
The number of bacteria was found higher in group-3 than in group-1 (p < 0.001). Significant increase was detected in all types of bacteria. Although the total number of gram-negative and gram-positive bacteria (Escherichia coli, P. mirabilis, Enterococcus) was higher in group-3 than in group-1, there was no superiority for both gram-negative and gram-positive bacteria. Like AP, colectomy caused significant bacterial overgrowth in the proximal jejunum.
The increase in the number of small intestine bacteria was higher in group-4 than in group-2 (p<0.001). The number, especially, of gram-negative bacteria such as E. coli, P. mirabilis, and gram-positive Enterococcus was higher in group-4 than in group-2 (respectively p=0.001, p<0.004, p< 0.003).
Bacterial Translocation (The Amount of Bacteria in the Other Abdominal Organs) Total number of bacteria isolated from pancreas, MLNs, liver, and spleen is summarized in Fig. 2 . While bacterial translocation to pancreas, MLN, liver, and spleen was not detected in group-1, it was detected in group-2. The difference between the two groups was statistically significant (p = 0.006, p = 0.001, p = 0.001, p = 0.001, respectively). In group2, gram-negative microorganisms especially (P. mirabilis was the leading microorganism) were the most commonly isolated bacteria. When compared with group-2, group-4 had a higher rate of bacterial translocation to the pancreas, MLNs, liver, and spleen (p =0.002, p=0.001, p=0.001, p = 0.004, respectively). In group-4, when compared with group-2, the count especially of P. mirabilis increased significantly in the MLNs. As for liver and spleen cultures, E. coli and P. mirabilis were the prominent bacteria in group-4. On the other hand, there was no significant increase for the gram-positive Enterococcus in all culture materials in group-4.
Although median values were higher in group-4 than in group-3 in terms of bacterial translocations to pancreas, MLN, liver-and spleen, the differences between the two groups were not statistically significant. When compared with group-3, the counts of gram-negative microorganisms such as P. mirabilis on abdominal organs were higher, and the difference was statistically significant in group-4 (p=0.043, p=0.009, p=0.019, p= 0.002, respectively).
There was no significant difference between groups 2 and 3 in terms of bacterial translocations to abdominal organs. Colectomy quantitatively caused greater translocation than pancreatitis.
Morphological Changes in the Small Intestine Morphological study of the distal small bowel showed significant changes in the animals with AP (groups 2 and 4) when compared with controls. AP was associated with damage to the apical portion of the villi and alteration of the mucosal microvasculature.
The Correlation between Bacterial Translocation and Bacterial Overgrowth Close correlation between the intestinal bacterial overgrowth and severity of pancreatitis was observed with the help of Spearman's correlation test (r=0.490, p =0.009; Fig. 3 ). In addition, a significant correlation between the severity of AP and total number of bacteria in pancreas was present (r=0.399, p=0.008). Table 2 . In groups 2-4, abundant positive cultures were detected. While significant differences were observed (p<0.05) when group-1 was compared with other groups (groups 2-4), there was no such significant difference between other groups. Bacteria cultured in group-2 were predominantly gramnegative P. mirabilis, and also, they were the same ones cultured in the pancreas and small bowel.
Discussion
The infectious complications associated with severe pancreatitis constitute the major source of morbidity and mortality in this patient population, and the prevention of these complications has become a targeted therapy in the current management of the disease. Although the routes of bacterial translocation in the course of AP
have not yet been clarified, several different routes have been described. They include three main pathways: lymphatic or hematogenous spread, and direct transmural migration to the peritoneal cavity or retroperitoneum. Webster et al. showed bacteremia occurring early after induction of AP in CDD-induced AP, suggesting a hematogenous route [15] . On the other hand, Runkel et al. found bacteria migrating to regional lymph nodes before translocation to distant sites in a duct ligation model, suggesting a lymphogenous route [16] . Widdison et al. suggested transperitoneal translocation of bacteria originating from the colon in a feline model of severe necrotizing pancreatitis [17] . These findings have directed efforts for many different prophylactic and therapeutic strategies. Our findings were supported by mainly lymphogenous spreading theory. In groups 2 and 4, bacterial translocation was observed in the majority of MLNs, pancreas, liver, and spleen samples at the end of 48 h. Culture of enteric bacteria in the pancreatic tissue 48 h later from the development of pancreatitis supported the idea that pancreatic tissue was being infected in the early stages of AP in animal models. Whereas intensive bacterial invasion was noted in tissue samples, bacterial translocation to blood and peritoneal fluid were not found to be less. Comparison of tissue and bloodperitoneal samples suggested that the hematogenous and transperitoneal spread was present, but it played a lesser and delayed role in development of pancreatic tissue infection.
In the course of AP, because of reduced peristalsis and ischemic changes, bacterial overgrowth occurs in the proximal small intestine, and gram-negative microorganisms translocate into MLNs and pancreas [18, 19] . In our study, [20] . Data collected from our study showed that MNLs were important in the development of pancreatic infection in the course of AP. Most investigators have accepted colon as the primary source of bacteria translocating to pancreas. Therefore, many studies have been conducted to evaluate the impact of reduction of colonic flora [21] [22] [23] [24] Fig. 2 The comparison of bacterial translocation to abdominal organs Fig. 3 The correlation between the scores of acute pancreatitis (AP) and the count of bacteria in the small intestine induction of AP has been shown to reduce bacterial translocation to MLNs and liver, but it had no effect on pancreatic infection rates and mortality [9, 10] . Selective decontamination of gastrointestinal system, by using a combination of oral and intravenous antibiotics, has been reported to decrease the incidence of sepsis and the related mortality [23] [24] [25] [26] . Widdison et al. created a model of AP in cats by giving a certain amount of E. coli into the pancreas, colon, and bile duct [27] . At the same time, to prevent bacterial translocation, transverse colon was isolated in an impermeable plastic sac during experimental AP. They observed that isolation of transverse colon with an impermeable plastic sac prevented transmural spread of bacteria to the pancreas. This study confirmed the hypothesis that the colon was the main source of translocating bacteria. In humans, bacterial translocation during AP is a local phenomenon rather than systemic. Hence, the use of intraluminal non-absorbable antibiotics targeting intestinal bacteria seems more reasonable than systemic therapy [28] . Enteral nutrition that increases the motility may have inhibitory effects on intestinal bacterial overgrowth [29] [30] [31] [32] [33] . Our study showed that total colectomy, in the setting of experimental pancreatitis, did not prevent bacterial translocation and infection of pancreatic necrosis. On the contrary, total colectomy caused bacterial colonization of the ileum as well as the duodenum with colonic-type bacteria, including gram-negative rods (E. coli, Proteus spp.) and anaerobes. Despite the studies pointing out colonic microflora as the main source of pancreatic infection during AP, our study showed that elimination of colonic flora itself did not prevent the bacterial translocation to the MLN; it also caused bacterial overgrowth in the small intestine, and this overgrowth indeed also had an important role on pancreatic infection.
As a conclusion, in AP, total colectomy induced small bowel bacterial overgrowth, which was associated with increased bacterial translocation to the pancreas.
